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Abstract. We present the statistical evaluation of a 
count rate and area limited complete sample of the 
ROSAT All-Sky Survey (RASS) comprising 674 sources. 
The RASS sources are located in six study areas outside 
the galactic plane i\b''\ > 20°) and north oi S = -9°. 
The total sample contains 274 (40.7%) stars, 26 (3.9%) 
galaxies, 284 (42.1%) AGN, 78 (11.6%) clusters of galax- 
ies and 12 (1.8%) unidentified sources. These percent- 
ages vary considerably between the individual study ar- 
eas due to different mean hydrogen column densities -/Vjj- 
For the accuracy of the RASS positions, i.e., the distance 
between optical source and X-ray position, a 90% error 
circle of about 30" has been found. Hardness and X-ray- 
to-optical flux ratios show in part systematic differences 
between the different object classes. However, since the 
corresponding parameter spaces overlap significantly for 
the different classes, an unambiguous identification on the 
basis of the X-ray data alone is not possible. The major- 
ity of the AGN in our sample are found at rather low 
redshifts with the median value of the whole sample being 
•^med = 0.24. The median values for the individual fields 
vary between Zmcd = 0.15 and Zmcd = 0.36. The slope of 
the log TV - log 5 distributions for our AGN (-1.44±0.09) 
is in good agreement with the euclidian slope of —1.5. The 
BL Lacs (with a slope of — 0.72±0.13) exhibit a much flat- 
ter distribution. 

Key words: Surveys - X-rays: general - X-rays: galaxies - 
X-rays: stars - Galaxies: active - Galaxies: cluster: general 



1. Introduction 

The ROSAT All-Sky Survey (RASS) was the first all-sky 
survey in the soft X-ray range (0.07 keV t o 2.4 keV) with 
an imaging telescope (Aschenbach 1988 ). It started on 
July 30, 1990, two mont hs afte r the launch of the ROSAT 
X-ray satellite (Triimper 1983) on June 1, 1990. Using the 
Position Sensitive Proportional Counter (PSPC) ROSAT 
scanned the sky during the All-Sky Survey in great cir- 
cles perpendicular to the direction of the sun, and thus 
covered the whole sky in half a year. The RASS allowed 
for the first time to study unbiased, spatially complete 
samples of X-ray sources. Previous knowledge of the com- 
position of the X-ray sky at high galactic latitudes was 
mainly based on the EINSTEIN Medium Sensitivity Sur- 
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vey (EMSS) (Stocke et al. 1991) containing serendipitious 
sources found in X-ray images of fields with otherwise sci- 
entifically interesting objects. 

On the basis of the X-ray data alone it is usually not 
possible to determine the physical nature of the X-ray 
source. In order to do so, optical follow-up observations 
have to be carried out. Since during the RASS about 
60 000 sources were detected (Voges et al. 1999), it is obvi- 
ous that a complete identification of all sources is beyond 
any reasonable scope. In order to obtain representative 
subsamples six study areas from the RASS were selected 
for a complete optical identification. These study areas are 
located north of S = —9°, with \b^^\ ^ 20° including one 
region near the North Galactic pole (NGP) and one near 
the North Ecliptic Pole (NEP). 

A detailed description of the fields, the selection crite- 
ria, the optical observations and the criteria for the optical 
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identi ficatio n bave been extensively discussed in Zickgraf 
et al. ( 1997| ), hereafter Paper II. As described in Paper II, 
in order to reduce the sample to a manageable but still sta- 
tistically significant size, we chose minimum count rates 
of 0.03 cts s~^ for five of our areas and 0.01 cts s~^ for one 
area. A catalogue of the complete optical identifications of 
our flux limited sample is presented in Appenzeller et al. 
( |1998| ), hereafter Paper III. On the basis of this paper we 
shall give in the following a detailed statistical analysis of 
the final results from our identification programme. 



discussion of these sources can be found in the comments 
on the individual sources in Paper III. In the following we 
shall not distinguish these cases from the reliable identifi- 
cations. 

For 47 X-ray sources (7.0%) ('mult, sources' in Table 
1) two possible optical counterparts were found (cf. the 
discussion in Paper II). In Paper III both sources are listed 
in the order of likelihood or suspected relative contribution 
to the total X-ray flux. Table 2 lists the number of 'pairs' 
of object classes for these multiple sources: 



2. Basic Statistics 

Some basic statistical information on the optical identi- 
fications in our six study areas is given in Table 1. The 
field designations are essentially those defined in Table 1 
of Paper II. However, for study areas IV and V we have 
used a slightly modified field definitions: Study area IV of 
this paper corresponds to IVac of Paper II, and study area 
V to Va of Paper II. We note, that the designations used 
here correspond to those already used in Paper III. 

The first row of Table 1 gives the number of sources 
in the individual study areas which fulfill our flux criteria 
mentioned above. In the second row the number of sources 
is given for which the identiflcation exclusively rests on a 
comparison with the SIMBAD or NED data bases. The 
third row gives the number of sources observed by our- 
selves (91.8% of all sources). 

Table 1. Basic statistical information on the identifica- 
tions. The class "stars" includes normal stars, Ke, Me 
stars, CVs, binaries, and white dwarfs. 



Table 2. Distribution of multiple sources according to 
object classes 



In the lower part of the table the number of identified 
sources for different object classes as well as the number of 
unidentified sources is given. Only for a total of 12 sources 
(1.8%) no identification could be found. This fraction is 
lower by more than a factor of two than the 3.9% unidenti- 
fied sources in the EMSS (Stocke et al. 1991). As already 
mentioned in Paper III, there are 21 sources (3.1%) for 
which we have a Hkely, but uncertain identification ('iden- 
tification quality index' Q=3 in Table 1 of Paper III). A 



star - star: 


19 


star - AGN: 


11 


star - gal: 


1 


star - galaxy cl: 


6 


AGN - AGN: 


2 


AGN - gal: 


2 


AGN - galaxy cl: 


2 


gal - galaxy cl: 


4 



Of the 47 multiple sources 37 (78%) contain at least 
one star. For our statistical purposes we consider as the 
optical identification the more likely source which is listed 
first in column 12 of Paper III. (The same procedure was 
applied by Stocke et al. [l99l|for the EMSS.) 



study area 


I 


II 


III 


IV 


V 


VI 


total 


No. of sources: 


100 


122 


124 


110 


125 


93 


674 


SIM/NED id.: 


6 


20 


12 


8 


6 


3 


55 


Observed: 


94 


102 


112 


102 


119 


90 


619 


Identified: 


100 


120 


120 


109 


123 


90 


662 


stars 


63 


52 


43 


13 


43 


34 


248 


galaxies 


2 


6 


9 


4 





2 


23 


AGN 


19 


44 


48 


68 


55 


38 


272 


clusters of gal. 


7 


8 


11 


14 


22 


10 


72 


multiple sources 


9 


10 


9 


10 


3 


6 


47 


no id. 





2 


4 


1 


2 


3 


12 



2.1. Distribution oj sources 

With the inclusion of the more plausible parts of the multi- 
ple sources we obtain the following distribution of all iden- 
tified sources for the complete sample: stars: 274 (40.7%), 
galaxies: 26 (3.9%), AGN: 284 (42.1%) and clusters of 
galaxies: 78 (11.6%). Table 3 lists this distribution along 
with the distribution in the individual fields and a detailed 
subdivision of the object classes. 

Nearly the same fraction of stars and AGN are found 
in our RASS sample (40.7% and 42.1%, respectively). To- 
gether they represent nearly 83% of all sources. This differs 
significantly from the distribution of sources in the EMSS 
(Stocke et al. 1991). The RASS sample shows a much 
higher fraction of stellar counterparts than the EMSS 
(40.7% vs. 25.8%), but a lower fraction of AGN (42.7% vs. 
54.5%). The fraction of clusters of galaxies is with 11.6% 
(RASS) and 12.2% (EMSS) about the same in both sam- 
ples. The same applies for galaxies with 3.9% (RASS) and 
2.7% (EMSS) which do not show significant differences 
either. 

More than half of all Active Galactic Nuclei were found 
to be Seyfert 1 galaxies. AUtogether the Seyfert galaxies 
form 62.3% of the AGN counterparts. About 25% are QSO 
and the fraction of BL Lac objects amounts to 10.6% This 
fraction corresponds to 4.5% of the whole sample which is 
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Table 3. Number distribution of optical counterparts for 
the different study areas. The abbreviations mean: ES: 
hot emission line star (including cataclysmic variables), S: 
Seyfert galaxy, Nil: Narrow line Seyfert 1 galaxy, AGN 
unci.: Active galactic nucleus for which a more accurate 
classification was not possible from our spectra, int. gal." 
interacting galaxy. 



study area 


I 


II 


III 


IV 


V 


VI 


total 


No. of sources: 


100 


122 


124 


110 


125 


93 


674 


Stars: 


70 


60 


48 


15 


44 


37 


274 


A stars: 


2 





1 











3 


F stars: 


13 


14 


8 


2 


12 


4 


53 


G stars: 


15 


16 


8 


3 


2 


10 


54 


K stars: 


11 


7 


11 


4 


13 


8 


54 


M stars: 





1 


1 


1 


1 


1 


5 


Ke stars: 


9 


9 


7 





5 


5 


35 


Me stars: 


17 


7 


10 


5 


8 


6 


53 


ES: 


1 


6 


2 





2 


3 


14 


WD: 


2 











1 





3 


Act. gal. nuc: 


20 


45 


50 


74 


56 


39 


284 


SI: 


11 


22 


32 


43 


20 


18 


146 


S1.5: 


1 








3 


2 


4 


9 


S2: 





2 


3 


4 


3 


4 


16 


LINER: 





2 





1 








3 


NLl: 


1 


1 











1 


3 


QSO: 


3 


8 


9 


18 


24 


8 


70 


BL Lac: 


3 


9 


4 


4 


7 


3 


30 


AGN unci.: 


1 


1 


2 


1 


1 


1 


7 


Galaxies 


3 


6 


11 


4 





2 


26 


normal: 


2 


2 


10 


2 





1 


17 


int. gal.: 





1 





1 








2 


radio gal.: 


1 


3 


1 


1 





1 


7 


Galaxy clusters: 


7 


9 


11 


16 


23 


12 


78 



nearly the same fraction as found for the EMSS. However, 
among the AGN the fraction of the BL Lac objects is with 
7.8% somewhat lower in the EMSS. 

2.2. Stellar counterparts 

Among the stellar counterparts K stars (including Ke 
stars) occur most frequently (32.5%). F, G and M/Me 
stars have about the same frequency (19.3, 19.7, and 
21.2%, respectively). About 39% of the K star and more 
than 90% of the M star counterparts display emission 
lines. This obviously reflects the fact that emission lines in 
the optical spectrum indicate strong stellar activity which 
tends to give rise to X-ray emission. The frequency of Ke 
stars may have been underestimated, since at our low spec- 
tral resolution weak emission lines could not always be 
detected. 

In order to check whether some of our stellar identifi- 
cations could be due to a random positional coincidence 
with field stars, we calculated the number of stars riorr 
expected for the total area of our 674 error circles (0.147 



deg^). For our calculations we used the luminosity func- 
tion by spectr al type presented in Table 4-7 by Mihalas & 
Binney ( |l09l|) . For the scale heights in z direction we used 
the numbers given in Table 4-16 by Mihalas and Binney. 
The numbers for rien- were calculated for Galactic Latitude 
b^^ of 45 degrees. Interstellar extinction was not taken into 
account. 

For both F and M stars random positional coincidences 
do not play any significant role. For F stars brighter than 
our detection limit oi V ^ 14 mag we expect 0.8 stars in 
the total area of our error circles, for M stars brighter than 
the limit of V = 15 mag we expect 0.3 stars, respectively. 

The situation is different, however, for G and K stars. 
Here we expect for stars down to a brightness limit of V 
— 15 mag some 7.6 and 6.6 stars, respectively, in the total 
area of our error circles. For a brightness limit of 13 we 
expect for the G stars still 3.4 stars in the error circles, 
whereas for the K star the expectation value of 0.8 stars 
drops below one. The expectation value of one star per 
error circle area is reached for G stars at y ~ 12 mag. 

These results show that the number of dwarf stars ran- 
domly present in the total area of our error circles should 
be of the order of ~15 sources. However, the actual num- 
ber of G stars fainter than 12th magnitude and K stars 
fainter than 13th magnitude incorrectly identified as X-ray 
sources due to a random positional coincidence, should be 
much lower. Firstly, as all G and K stars emit X-rays at 
some level, it is unlikely that all the stars in the error cir- 
cles are unrelated to the observed X-ray flux. Secondly, as 
most error circles contain another plausible optical coun- 
terpart (such as an AGN), the majority of the randomly 
present dwarf stars are expected to appear as the less 
probable component in multiple sources. (There are nine 
multiple sources, where we considered a faint G or K star 
to be the less likely counterpart). Thirdly, a source with, 
for instance, a bright AGN and a faint dwarf star normally 
has not been classified as multiple source. Therefore, even 
with most pessimistic assumptions a random positional 
coincidence should not have resulted in more than about 
two to three G and the same number of K stars incorrectly 
identified as optical counterparts of the observed X-ray 
sources. These numbers are significantly smaller than the 
^/n statistical uncertainties of our results for these stars 
and, therefore, do not affect our statistical conclusions. 

Our resolution was, unfortunately, not sufficient, to de- 
tect the lithium A6707 absorption line which would be an 
indicator for a relatively young age of the star. In a follow- 
up study of the present identification project, Zickgraf et 
al. 1998 found among 35 K and M stars of field I nine 



stars which display significant Li A6707 absorption. First 
results of a detailed study of field VI by Zickgraf et al. 
(in preparation) indicate that here the fraction of Li stars 
among the K stars is lower than in field I. 

We note that three A stars (two A2, one A5) were 
found in our sample. This is unexpected, since, according 
to theoretical predictions, early to mid A stars should not 
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show any X-ray emission beca use of the missing convection 
zone (e.g. Haisch & Schmitt 1996 ). In most cases, where 
X-ray emission seemed to be present in A stars, it was 
found to originate from a cool companion. 

2. 3. Comparison of individual fields 

As can be seen from Table 3, there are in part distinct 
differences between the individual fields. While in field I 
the stellar counterparts outnumber the AGN by a fac- 
tor of 3.5, there are 5 times more AGN than stars in 
field IV. These differences are of high statistical signifi- 
cance. The main reason for this differing ratios are dif- 
ferent mean hydrogen column densities N^i- In field I 
< iVn > (11.5-10^° cm^^) is more than seven times higher 
than in field IV (LG-lO^^cm"^). The main reason for this 
strongly differing hydrogen column density is the location 
at different galactic latitudes h^^ . While field I is at an 
intermediate galactic latitude h^^ ^ —37°, field IV is close 
to the North Galactic Pole (mean latitude b^^ ~ -1-84°). 

In fields II, III, V, and VI the ratios 'o.stars/'^AGN are 
between 0.79 (field V) and 1.33 (field II). In fields III and 
VI about the same numbers of stars and AGN have been 
identified. These four fields have - with < A^h > values 
between 3.9T0^° and 5.5-10^° cm~^ - intermediate mean 
hydrogen column densities. For these fields no correlation 
between the ratio of stars and AGN with < Ah > could 
be found. 

2.4- Accuracy of the RASS positions 

With our complete sample it is possible to derive final val- 
ues for the positional uncertainty of RASS X-ray sources, 
i.e., the mean distance of the identified optical sources 
from the X-ray positions. We follow the same procedure 
as outlined in section 5.2 of Paper II. Figure |l| shows the 
positional uncertainties in right ascension (solid line) and 
in declination (dashed line) of our sources. Icr, (i.e. the 
67% error circle) corresponds to 13.5" for right ascension 
and 12.8" for declination, i.e. about the same for each co- 
ordinate. The sytematic offset towards the east due to the 
motion of the satellite during read-out of the data is 1.5". 
The standard deviation found here is about 4" larger than 
in the preliminary data presented in Paper II. 

For the total distance between the optical source and 
the X-ray position we derive a 1 tr standard deviation of 
17" and a 90% error circle of 30". These numbers are 
significantly smaller than those calculated by the SASS 
(Standard Analysis Software System) where a 90% error 
circle of 40-45" was derived (Voges et al., in preparation) 
and also smaller than the 50" 90% confidence radii from 
the EMSS (Stocke et al. [iMJ). 

Because of the smaller area of the error circle of the 
RASS as compared to the EMSS, confusion of X-ray 
sources should be lower in the RASS than in the EMSS. 
Stocke et al. ( |l99l| ) found for their EMSS a source con- 
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Fig. 1. Histograms of the positional uncertainties. The dif- 
ferences in arcsec between X-ray position ('X') and optical 
counterpart position ('CP') are plotted separately for RA 
(solid line) and DEC (dashed line). 



fusion level of the order of 2.5% (21 out of 835 sources). 
Since the sensitivity levels of the RASS and the EMSS are 
not too different, we conclude that source confusion in our 
flux limited RASS sample should be well below 1%. 

3. X-ray, optical and radio quantities 

3.1. Hardness ratios 

Tables 4 and 5 show mean hardness ratios of our samples. 
(For the definition of the hardness ratios see e.g. Paper II). 
For the calculation of the mean values only hardness ra- 
tios with internal errors a < 0.5 have been used. In addi- 
tion, all hardness ratios below -1.0 and above -1-1.0 were 
set to -1.0 and -1-1.0, respectively. Values of \HR1\ > 1.0 
are purely artificial without physical meaning. They arise 
from the fact that for very soft or and for very hard sources 
the X-ray flux in the hard or soft range, respectively, is be- 
low the detection limit. So fluctuations in the background 
subtraction can give (physically meaningless) negative val- 
ues in these bands. 

For the individual study areas mean hardness ratios 
have been calculated for stars and AGN only. For the three 
other groups, galaxies, cluster of galaxies, and sources with 
no optical identification (which are included for complete- 
ness reasons) the number of objects in the individual fields 
is too low to get any significant results. 

As Tables 4 and 5 show, for the mean values of IIR2, 
which subdivides the hard range, there are only marginal 
differences between the individual classes of objects. This 
applies to both the total sample and to the individual 
fields. Even in the case of strongly differing <HR1> values 
are found (like for the AGN in fields I and IV, -1-0.83 vs. 
-0.12), the <IIR2> values are essentially the same. There 
is a trend that galaxies and clusters of galaxies seem to 
have somewhat higher <HR2> values than stars. 
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For <HR1> more pronounced differences are found 
between the individual classes of objects. Stars have on 
the average the lowest HRl, i.e., they have the softest 
spectral energy distributions (SED). This holds even, if 
one removes the white dwarfs and the emission line stars 
(cf. Paper III) from the sample, since <HR1> changes 
from +0.11 to -f0.12 only. AGN display on the average 
(<HRl>=-|-0.35) a somewhat harder SED than stars. 

A significantly harder SED is found for clusters of 
galaxies with <HRl>=-|-0.65±0.26. This is indeed what 
is expected for this class of objects which exhibit a rather 
hard intrinsic spectrum caused by thermal bremsstrahlung 



from a hot (10^-10'* K) plasma (cf. e.g. Bohringer 1996). 

For isolated galaxies <HR1>=-|-0.66±0.31 has been 
found. This is nearly the same mean hardness ratio as 
found for clusters of galaxies and that strongly supports 
the presumption discussed in Paper II that most of the iso- 
lated galaxies found in the RASS are in fact members of 
groups or even cluster of galaxies. The limited field of our 
optical images may not always have allowed to recognize 
the cluster. The X-ray data themselves provide little evi- 
dence, since the extension parameter given by the ROSAT 
SASS is, as discussed by Kneer ( 1996 ), of limited use only 
for the identification of clusters of galaxies. 

Taken both hardness ratios together, there is no galaxy 
and only one cluster with negative values in both bands. 
Since this conclusion is based on a total of 93 objects, one 
may safely conclude that two negative hardness ratios are 
very rare for galaxies and cluster of galaxies, even in fields 
with very low hydrogen column densities. 

For the AGN pronounced variations of the <HR1> val- 
ues have been found between the individual fields. For field 
IV one gets a softer average X-ray spectrum of the AGN 
with <HRl>/y=-0.13±0.34, whereas for field I one gets 
a very hard AGN spectrum with <HRl>/=+0.83±0.17 
with no HRl below -fO.39. For the whole sample individual 
HRl values as low as -0.83 were found. These differences 
of the HRl hardness ratios refiect mainly the differences 
in the absorbing hydrogen column densities. For the other 
four fields the mean ratios <HR1> are between -f 0.39 and 
-1-0.65, i.e., in between the two extreme values. It is inter- 
esting that the second highest value of +0.63 is found in 
field VI which exhibits the second highest value of A^h too. 

For the stars the situation is different. There are no sig- 
nificant differences in the mean HRl ratios between the in- 
dividual fields, not even between fields I and IV, for which 
significant differences have been found for the AGN. The 
fact that there are no differences in the mean hardness 
ratios between the stellar samples in fields which differ 
by about a factor of seven in the hydrogen column den- 
sity wheras there are siginificant differences in the hard- 
ness ratios for the extragalactic sources clearly shows that 
at least the vast majority of all our stellar counterparts 
must be located in front of the absorbing hydrogen. We 
note that the mean A'h values are not based on our X-ray 



data, but, as discussed in Paper II, on radioastr onom ical 
measurements compiled by Dickey & Lockman (1990). 

With the exception of two sources there are no stellar 
sources in the area of hardness ratios with both HRl > 
0.0 and HR2 > +0.5, whereas the other three classes of 
objects fairly densely populate this area. With the excep- 
tion of a few very soft sources there are no stellar objects 
with HRl < -0.45. However, the very soft sources are a 
somewhat special case, since they have the major frac- 
tion of their X-ray ffux in the soft band and only little 
or nothing at all in the hard band. This means that usu- 
ally HR2 is not well defined and affected by a large error. 
If one includes also sources with high errors in HR2 one 
obtains a total of 22 sources with HRl < -0.5. Including 
these sources in the total sample of stellar counterparts 
one obtains <HRl>=+0. 03+0.47 which is slightly lower 
than the value given in Table 4. 

Table 5. Mean hardness ratios HRl and HR2 for galax- 
ies, clusters and X-ray sources without optical counter- 
parts for the total sample. 



No. of sources: 

<HR1> 

<HR2> 



galaxies 

25 

+0.66+0.31 

+0.27+0.39 



clusters 

72 

+0.65+0.26 

+0.22+0.30 



no idcnt. 

9 

+0.43+0.39 

+0.26+0.39 



3.2. X-ray-to-optical flux ratios 

As al ready noted by earli er studies (e.g. Maccacaro et al. 



1988 or Stocke et al. 1991 ) the X-ray-to-optical flux ratios 



differ significantly between the object classes. Therefore, 
for the identification of their objects they used this cri- 
terion in order to pre-select the sources they actually ob- 
served. While this methods leads in many cases to reliable 
pre-identification, it is nevertheless obvious that this pre- 
selection does also bias any statistical derivation of the 
X-ray-to-optical flux ratio. 

In the present study, as discussed in Section 4 of Pa- 
per II, a somewhat different approach had been chosen for 
the identification of the optical counterparts. There was 
no pre-selection according to the X-ray-to-optical flux ra- 
tio. Only in doubtful cases the X-ray-to-optical fiux ratio 
was used (as well as hardness ratios HRl and HR2) as sec- 
ondary criterion for the identification. Hence, the X-ray- 
to-optical fiux ratios of our sample should be less biased 
than those of the EMSS. 

The conversion of count rates to fiuxes which depends 
on the intrinsic spectral energy distribution and on the 
hydrogen column density has been extensively discussed 
in Paper II. Figs, g and || show X-ray-to-optical flux ra- 
tios \og[fj;/fv] VS. the optical flux fv for various object 
classes. In Table 6 the limits of the '^og[fx/ fv] ratios as 
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Table 4. Mean hardness ratios HRl and HR2. 'No. of sources' gives the number of sources which fulfiU the selection 
criteria discussed in the text. 



study area 



II 



III 



IV 



V 



VI 



total 



stars 

No. of sources 52 44 36 13 43 25 213 

<HR1> -H0.01±0.49 +0.16±0.40 +0.08±0.37 -0.09±0.25 +0.14±0.37 -f0.30±0.53 +0.11±0.43 

<HR2> +0.04±0.30 -^0.10±0.34 +0.04±0.30 -^0.15±0.39 -0.02±0.24 4-0.01±0.32 -h0.05±0.31 









AGN 








No. of sources 


13 


40 


47 64 


54 


33 


251 


<HR1> 


-f0.83±0.17 


-h0.59±0.26 


-H0.39±0.33 -0.13±0.34 


-H0.43±0.34 


-H0.65±0.27 


-f0.35±0.43 


<HR2> 


-f0.30±0.30 


+0.22±0.27 


+0.20±0.29 +0.12±0.29 


+0.17±0.25 


+0.19±0.30 


+0.18±0.28 
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Fig. 3. X-ray-to-optical flux ratios log[/a;//y] vs. the op- 
tical flux fv for various classes of AGN. 



Table 6. Ranges and average values of X-ray-to-optical 
flux ratios for various classes of objects. 



Object class 



^Og[fx / fv]limits 

min max 



< log[f^/fv] > 



starstot 


-5.52 


+1.13 


-2.46+1.27 


A stars 


-4.59 


-3.78 


-4.11+0.42 


F stars 


-4.82 


-1.97 


-3.70+0.68 


G stars 


-5.52 


-0.80 


-2.89+1.02 


K stars 


-4.57 


+0.20 


-2.77+1.04 


M stars 


-4.41 


-1.14 


-2.68+1.37 


Ke stars 


-2.99 


-0.76 


-2.02+0.51 


Me stars 


-2.51 


-0.14 


-1.33+0.50 


WD 


-1.22 


+0.14 


-0.63+0.70 


ES 


-2.91 


+1.13 


-0.42+1.12 


AGNt„t 


-2.62 


+2.02 


+0.41+0.65 


SI 


-2.62 


+1.40 


+0.37+0.61 


S1.5 


-1.01 


+0.61 


+0.07+0.61 


S2 


-1.22 


+1.43 


+0.47+0.86 


QSO 


-1.00 


+1.71 


+0.35+0.57 


BL Lac 


-0.56 


+2.02 


+0.94+0.54 


Galaxies 


-2.14 


+1.61 


-0.27+0.92 



well as average values are given. Clusters of galaxies are 
not included, since, contrary to the EMSS sample, in our 
case usually no brightness has been determined for the 
individual members of the clusters. 

The lower boundaries of the distributions shown in 
Figs. and y are determined by the count limit chosen. 
As already mentioned, they depend on the spectral energy 
distribution assumed and the hydrogen column density. 
For demonstration purposes we have plotted in the dia- 
gram of the K stars the lower limit for coronal sources with 
the flux limit of 1.8-10"^^ ergs~^ cm~^ (solid line) given in 
Table 3 of Paper II. In addition, we have also plotted the 
lower limit for 0.6-10~^^ ergs""'^ cm~^ for field V (dashed 
line) which has the lowest hydrogen column density. It is 
obvious that the sources below the lower boundaries are 
missed in our sample because of the count rate limit. 



As compared with the EMSS, most object classes in 
the RASS sample display a somewhat wider range in the 
< log[fx/ fv] > ratios, even if one takes into account that 
in the numbers given in Stocke et al.'s Table 1 objects 
with extreme values are excluded. This means that in the 
RASS samples there are larger overlapping areas which 
do not allow an unequivocal pre-selection on the basis of 
the < log[fx/ fv] > ratios. This is shown in Fig. H which 
displays the ranges of log f^/fv listed in Table 6. 

In particular we would like to note that there is a large 
overlapping area between the stars and the AGN, even if 
one excludes white dwarfs and cataclysmic binaries which 
show the highest < log[fx/ fv] > ratios among the stellar 
counterparts. 

The large difference for the maximal values for galaxies 
can be explained by the fact that a significant fraction of 
the galaxies in the RASS sample are, as discussed above. 
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Fig. 2. X-ray-to-optical flux ratios log[/a;//y] vs. the optical flux fv for the stars in our sample. The letters denote 
the spectral type. 'WD' means white dwarf (asterisks) and 'ES' emission line star (crosses). The lines plotted in the 
diagram of the K stars are lower flux limit for coronal sources (see text). 
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Fig. 4. Mean values and ranges of log f^/fv as listed in 
Table 6 for the different classes of X-ray emitters. The 
various classes overlap considerably. 



indeed groups or clusters of galaxies. Another striking dif- 
ference is the presence of a significant number of AGN 
with < log[fx/fv] > 1. In the EMSS only very few AGN 
with such high ratios of X-ray-to-optical flux have been 
found. A possible explanation for this difference could be 
that the limiting magnitudes of the optical identifications 
for the RASS sample are lower than those of the EMSS, 



since the highest X-ray-to-optical flux ratios are indeed 
found for the faintest objects. 

As one would expect for the stellar counterparts in 
our sample (cf. e.g. Schmitt 199C), the maximal value of 
the < log[fx/fv] > ratio increases with decreasing Te//. 
On the average, Ke and Me stars show, as expected (see 
2.2), higher X-ray luminosities than the K and M stars 
without emission lines. The Ke and Me stars display a 
much smaller range of < log[fx/fv] > ratios than the 
normal K and M stars which is either due to the fact that 
no X-ray faint Ke and Me stars are found or simply, that 
there were no optically bright emission line stars in our 
sample. 

3.3. Stellar counterparts 

Fig. ^ shows the visual brightness distribution of the stel- 
lar counterparts. It peaks around around 11th to 13th 
magnitude which is due to the large number of K and M 
stars in this brightness range. Among the faintest coun- 
terparts {V ^ 17) objects classified "ES" dominate, i.e. 
mostly cataclysmic variables (hashed histogram in Fig. H). 
Fig. g shows the log N — log S distribution for the stel- 
lar sample, excluding objects of classes "ES" and "WD" . 
For fluxes below 1.8 10~^^ergs~^ cm~^ the smaller sur- 
vey area of study area V has been taken into account 
(cf. Paper II). The slope in the range ^x = 210^1^ - 
10~^^ ergs~^ cm~^ is — 1.36±0.11 (maximum likelihood) , 
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Fig. 5. Histogram showing the number distribution of the 
visual brightness of the stellar counterparts. The class 
"ES" is separately plotted as hashed histogram. 



Redshift 

Fig. 7. Redshift distribution of the AGN of the whole sam- 
ple. Not included is the quasar at z=4.28 
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hence slightly flatter than expected for the Euclidian slope 
of —1.5. This indicates that our sample is affected by the 
scale height of the galactic distribution of the stellar coun- 
terparts. 

3.4- Active Galactic Nuclei 

3.4.1. Redshift distribution 

The redshift distribution of the AGN of the whole sample 
is presented in Fig. 0. As can be seen, the majority of the 
AGN in our sample are found at rather low redshifts with 
the median value of the whole sample being Zmed=0.24. 
The median values for the individual fields vary between 
Zmerf=0.15 and Zmed=0.36. The highest value of Zmerf=0.36 
is found in field V where the minimum count rate of 0.01 
cts s"^ is lower by a factor of 3 as compared to 0.03 cts s"! 
in the other five fields. The second highest median z value 
Zmed=0.31 is found in field IV which is the field with 
the lowest iVfj. Correspondingly, the lowest median value 



Zmed=0.15 for the redshift distribution is found in field I, 
the field with the highest A^h- 

We note that the highest redshift z =4.28 found for the 
quasar RXJ1028. 6-0844 (Zickgraf et al. |1997D is one of the 
highest redshifts at all found for RASS sources. 

3.4.2. log A^ - log 5 distributions 

Because of the limited RASS exposure time as well as the 
flux limit chosen by us (cf. Paper II), only the brighter 
AGN show up in our RASS sample. Hence, our sample is 
the ideal complement to the deep surveys where preferen- 
tially low-luminosity AGN are found. Both data sets com- 
bined allow to construct a log N — log S function which 
covers a wide range of luminosities and which can be used 
for cosmological studies. This has been done and discussed 
by Lehmann et al. 1998 and Miyaji et al. 1998| who com- 
bined our sample with 207 ksec PSPC observations of the 
Lockman Hole and with the 1.112 Msec HRI ultradeep 
survey observations (Hasinger et al. 1998). 

In order to correct for the variation of the survey area 
as a function of flux, we computed log N — log S distribu- 
tions by taking the area as displayed in Fig. B^into account. 
We used the flux limits given in Paper II for each of the 
individual study areas. The area drops from the total of 
685 deg^ at fluxes 10~^^ ergs~^cm-^ in several steps at 
the individual limiting fluxes to 37 deg^ , which is the size 
of area V. The area corrected log N — log S distributions 
for all AGN and for the BL Lac objects in our sample are 
diplayed in Fig. ||. The distributions are linearly increas- 
ing towards the lowest flux. For the AGN no indication of 
a flattening due to incompleteness is indicated except at 
the lowest fluxes. 

The slope of the log N — log S distributions for AGN 
is with —1.44 ± 0.09 in good agreement with the euclid- 
ian slope of —1.5. The BL Lacs exhibit with a slope of 
—0.72 ± 0.13 a much flatter distribution. The errors have 
been calculated using the formula given by Crawford et al. 
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Fig. 9. Area-corrected log N — log S distributions for 
AGN (solid line) and BL Lacs (dashed line). 



( |1970D basing on the maximum-likelihood technique. We 
suspect that the much lower slope of the BL Lac objects 
is due to incompleteness. In addition, it could be that a 
major fraction of the 12 undidentified sources are in fact 
BL Lac objects. Moreover, due to the low number (30) 
of BL Lacs our log N — log S distribution is affected by 
statistical uncertainties. 

A rather flat log N — log S distribution for BL Lacs 
has been also found by Bade et al. 1998| , who stud- 
ied a sample of 37 BL Lac objects from the RASS. In 
their sample the log N — log S curve starts to flatten at 
8-10""'^^ erg cm~^ s~^ which, taking into account their dif- 
ferent energy range (0.5-2.0 keV) this corresponds to 1.8 
•10~^^ ergcm"'^ s^^ in our energy range (0.07-2.4 keV). 
However, contrary to the above conclusions for our sam- 
ple they do not ascribe this flattening to incompleteness. 
For our RASS sample the log N — log S curve for BL Lacs 
lies slightly above the curve found by Bade et al. Unfor- 
tunately, it is not possible to compare the redshift and 
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Fig. 10. aro-aox diagram for QSOs (-f ), Seyfert galaxies 
(triangles), BL Lacs (star symbols), and radio galaxies 
(asterisks). 



luminosity distributions of the two samples, since the low 
resolution spectra used for our optical identification did 
not allow us to derive the redshifts of the BL Lac objects. 

3.4.3. Radio fluxes 

The radio fluxes at 4.85 GHz, the X-ray flux /x in the 
0.1-2.4keV energy range, and the B magnitudes given in 
Paper HI were used to calculate the continuum slopes a-^o 
and aox- The definition of these coefficients is given e.g. in 
Stocke et al. (p99l|). The optical fluxes at 2500 A were de- 
rived from the the B magnitudes using the relation given 
by Schmidt (1968) for Uq = —0.5. For BL Lacs we assumed 
tto = —1.4 (Ghisellini et al. 1986). The monochromatic X- 
ray flux at 2 keV was obtained from the integrated flux /x 
using a photon index of -2. Radio fluxes at 4.85 GHz from 
the 87GB catalog listed in Paper HI were K-corrected for 
spectral index a^ — —0.5 for QSOs and Seyfert galaxies, 
0.0 for BL Lacs, and -0.7 for galaxies. For BL Lacs a red- 
shift of 0.3 was assumed for those without measured z. 
The resulting aro-ctox diagram is shown in Fig. |lO|. 

The sources are d istributed in a similar way as shown 
in Stocke et al. (1991) (cf. their Fig. 6) with the exception 
that our sample contains only a few radio-quiet objects 
(with respect to the limits shown in Stocke et al.). This 
is due to the flux limit of the 87GB catalog. Most of the 
BL Lacs are located in a region between am — 0.3 and 
0.5 which is separated from that occupied by the radio- 
loud QSOs and Seyferts, although some overlap exists in 
particular at large ctox- The extension of the BL Lac region 
towards larger ctox also contains three radio galaxies. At 
least for the X-ray bright BL Lacs (i.e. small aox) a reliable 
classification based on the aox - aro diagram is possible. 
Likewise, both radio-loud and X-ray-bright AGN are well 
separated in the upper left corner of the diagram. 
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4. Conclusions 

The results of a complete optical identification of a spa- 
tially complete, count rate limited of ROSAT All-sky sur- 
vey X-ray sources show that the RASS is dominated by 
stellar sources and AGN. While nearly the same fraction 
of stars and AGN (40.7% and 42.1%, respectively) are 
found in our total sample which comprises six individual 
fields outside the galactic plane, distinct variations are 
found between the individual fields. The main parameter 
responsible for these variations is the mean hydrogen col- 
umn density A^h in the field which, however affects more 
the number of AGN than the stars. As the distribution of 
the mean hardness ratios <HR1> shows, at least the vast 
majority of the stellar sources must be located in front of 
the absorbing hydrogen. 

For the accuracy of the RASS positions, i.e., the total 
distance between optical source and X-ray position, a 90% 
error circle of about 30" has been found. This error circle 
is considerably lower than the 40-45" found by the SASS 
which is basing on X-ray data alone. 

Hardness and X-ray-to-optical flux ratios vary between 
the different object classes. However, since there are in the 
corresponding parameter spaces large overlapping areas 
between the different classes, an unambiguous identifica- 
tion on the basis of the X-ray data alone is not possible. 
Optical follow-up observations are therefore indispensable 
for an identification. 

RASS data are the ideal complement to deep surveys 
for e.g. constructing log N — log 5* distributions for cos- 
mological studies. In the RASS mainly objects at the 
bright end of the X-ray luminosity function are found. 
However, because of its large spatial area a significant 
number of the high luminosity objects which have a low 
space density are found. 

Because of the low resolution used for the spectroscopy 
in this identification project more detailed investigations, 
such as searches for Li A6707 absorption in stellar sources 
were not possible. However, as first publications based on 
our catalog show, the results of our identification program 
offers a rich mine for many more detailed follow-up stud- 
ies. 
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